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SPLICING VARIANTS 

Field of the invention 

This invention relates to abnormal spliced variants of genes implicated in the 
inhibition of apoptosis and to the regulation of apoptosis through the targeting of 
5 such variants. 

Baciiground to the invention 

Bcl-2 is an inhibitor of apoptosis. The functions of the Bcl-2 protein include 
protection against mitochondrial changes associated with apoptosis. This is achieved 

10 by inhibiting pro-apoptotic proteins and by preventing mitochondrial pemieability 
transition. Apoptosis can be triggered by release of cytochrome c and other pro- 
apoptotic components fom the mitochondria: Bcl-2 is believed to inhibit such events. 
Consistent with these functions the Bcl-2 protein is predominantly localised to the 
mitochondria. Bcl-2 may also have additional anti-apoptotic functions yet to be 

15 described. It may also block mitochondrial-independent pathways involved in 
^optosis. 

The human Bcl-2 gene encodes mRNA transcripts of (i) 720 nucleotides in length for 
Bcl-2a and (ii) of 618 nucleotides in length for Bcl-2p (see Figure 1). Bcl-2a and 
20 Bcl-2p represent normal, alternatively spliced variants of the same Bcl-2 gene. 

Abnormal and/or constitutive expression of functional Bcl-2 can protect mammalian 
cells from undergoing apoptosis. Such an effect favours continued cell survival and 
proliferation, and can initiate and/or maintain abnormal and/or cancerous growth. 

1 



In colorectal cancer cells evidence for a novel Bcl-2 - p53 axis has been reported for 
a number of established hiiman colorectal carcinoma cells lines, including the LoVo 
and SW48 cell lines. Co-pending patent application GB0306148,8 relates to the 
silencing of Bcl-2 by RNA interference. p53-dependent apoptosis is induced 
5 mdicating that Bcl-2 constitutiyely suppresses a pro-apoptotic function of p53 in 
colorectal cancer cells. Importantly, this pro-apoptotic function of p53 does not 
require activation of the p53 protein by genotoxic stress or by other means. 

There is a need to identify cell growth control targets for treating malignancies in 
1 0 humans and other mammalian species. 

Statements of the invention 

According to the present invention there is provided a method of regulating apoptosis 
in a cell, said method comprising targeting an abnormally spliced noRNA or a 
15 product thereof. 

Preferably the method involves targeting the junctions of mRNA molecules that are 
abnormally spUced. 

20 Alternatively the method involves targeting a protein product following translation of 
an abnormally spUced mRNA. 

Preferably the method comprises selective silencing of abnormal sphce variants of 
the Bcl-2 gene. 

2 



The tenn 'selectively silencing' is used to indicate that the silencing is specific for 
llie target gene and that there is no interference with normal, endogenous gene 
expression which might be detrimental to normal non-cancerous cells. 

5 

Preferably the method involves the targeting of abnormal splice variants Bcl-2a-591; 
Bcl-2j8-489; andBcl-2j8-420. 

More preferably the method involves targeting the mRNA sequence flanking the 
10 spUce junction between nucleotides 111 and 241 of Bcl-2a-591 . 

Preferably the method finther comprises introducing into a cell containing said gene, 
an RNA construct having a nucleotide sequence which is homologous to mRNA 
within said cell wherein said mRNA includes genetic information of the gene 
1 S element that is abnormally spliced. 

RNA interference (RNAi) induces sequence-specific degradation of homologous 
mRNA and is initiated by the introduction of dsRNA into cells. Ih mammaUan cells 
RNAi can be achieved using small interfering dsRNAs (siRNAs), preferably up to 30 
20 nucleotides long and more preferably 21-22 nucleotides long. 

The term 'homologous' is used to indicate at least 50%, preferably 85%, more 
preferably 90%, and more preferably 95% and most preferably 100% homology to 
the reference nucleic acid sequence. 
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The present invention relates to the discovery of abnormal splice variants of Bcl-2 
mRNA in human colorectal carcinoma cells. Sequence aligjammts are given in 
Figure 1. The novel spUce junctions conserve the normal triplet framing of the 
5 spliced mRNA products and the functional BHl, BH2, BH3 and BH4 domains of the 
Bcl-2 protein are also conserved. 

Abnormal alternatively spliced variants of Bcl-2 may fimction constitutively to 
suppress apoptosis in human and other mammalian cells, enabling abnormal cell 

10 survival and abnormal cell proliferation. The expression of abnormally spliced 
variants of Bcl-2 may thus rqpresent a key oncogenic event in the development of 
cancer. The abnormal splice junctions of the Bcl-2 mKNA molecules represent 
selective targets for intervention via KNA interfermce or other means. The mKNA 
sequence at these abnormal splice junctions is not present in the normally sphced 

15 Bcl-2 mKNAs. 

These abnormal Bcl-2 xnRNA transcripts are shorter than the fiiU Imgfh *wild type' 
Bcl-2 mRNA, hi contrast analysis of the genomic Bcl-2 by PGR ampUfication gives 
the predicted length for wild type Bcl-2 DNA (Figure 2). This indicates that the 
20 shorter abnormal Bcl-2 mRNA transcripts are indeed generated by alternative 
splicing of RNA, rather than genomic events with loss of DNA coding sequence from 
the human Bcl-2 gene. 
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The abnormal alternative spliced variants of Bcl-2 expressed in human colorectal 
cancer cells retain all known functional domains of the protein (see Figure 1) and are 
functional in the suppression of ^optosis. Functionality is also evident in colorectal 
carcinoma cell lines in which Bcl-2 expression appears to comprise solely of the 
5 abnormal alternative spliced form(s). In such cells the selective silencing of Bcl-2 
expression by RNA interference induces apoptosis (e.g. LoVo cells; Jiang and 
Mihier, 2003; note that normal full length mRNA for Bcl-2a nor for normal full 
length Bcl-2p mRNA cannot be detected in LoVo, SW48 or in HCTl 16 cell lines). 

10 Selective silencing of alternatively spliced Bcl-2 expression may be achieved by 
RNA interference, or by any other 'silencing means' such as small molecules, 
peptides and/or related molecules which inhibit Bcl-2, either directly or indirectly, 
and also Bcl-2 derived products including abnormal Bcl-2 splice variants. Anti-sense 
RNA, shRNA, miRNA and any other RNA and/or DNA based strategies may also be 

1 5 used. Tumour cells other than colorectal cancer cells may similarly be treated. 

In one embodiment the present invention provides a nucleotide construct with a 
nucleotide sequence which is homologous to mRNA transcribed from an abnormally 
spliced gene. 

20 

Preferably the nucleotide construct comprises dsRNA. Preferably the constract is 30 
or less nucleotides long. More preferably the RNA construct is 20 to 30 nucleotides 
long. Most preferably the RNA construct is 21 to 22 nucleotides long. 
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In one embodiment the invention provides a nucleotide construct such as anti-sense 
RNA, shRNA or miRNA as means for silencing the expression of an abnoraially 
spliced gene for use as a medicament. 

5 In an altemate embodiment the invention provides a small molecule or protein which 
interacts with or binds with a protein expressed by an abnormally spUced mRNA for 
use as a medicament. 

In an altemative embodiment the invention provides a nucleotide construct such as 
10 anti-sense RNA, shRNA or miRNA for the manufacture of a medicament for the 
treatment of cancerous cell growth. 

In an altemate embodiment the invention provides a small molecule or protein which 
interacts with or binds with a protein expressed by an abnormally spliced mRNA for 
15 the manufacture of a medicament for the treatment of cancerous cell growth. 

The invention also provides a pharmaceutical composition comprising a nucleotide 
constmct such as anti-sense RNA, shRNA or miRNA and a pharmaceutically 
acceptable diluent or carrier. 

20 

In an altemate embodiment the invention provides a small molecule or protein which 
interacts with or binds with a protein expressed by an abnormally spUced mRNA and 
a pharmaceutically acceptable diluent or carrier. 
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Detailed Description of the Invention 

The present inventioii will now be described by way of example only and with 
reference to the following diagrams; 

5 Figure 1 

Sequence alignments of Imman Bcl-2 splice variants in colorectal cell lines 
(including LoVo; SW48 and HCT116). Boxed areas indicate functional domains of 
Bcl-2. Note that Bcl-2a-591 and Bcl-2p-489 retain all functional domain sequences. 
Dashes indicate missing sequences from abnormally spliced Bcl-2 variants. 

10 

Figure 2 

Sizing of Bcl-2 genomic DNA foUowing PCR amplification from individual human 
colorectal cell lines as indicated, using primers designed to span all abnormal splice 
sites identified to date. The predicted size for the intact gaiomic Bcl-2 DNA PCR- 
15 generated sequence, using the chosen primars, is 570 base pairs. This is the size 
observed in all colorectal cell lines tested to date, as indicated on the gels. [Note that 
genomic Bcl-2 is normally only spliced to generate the Bcl-2a and Bcl-2p variants]. 
Figures 

Ejcpression of abnormal alternatively spHced variants of human Bcl-2 in vitro and 
20 immunoprecipitation with anti-Bcl-2 antibodies. Bcl-2 mRNA from human colorectal 
cancer cells was reverse transcribed to produce a cDNA template &om which cRNA 
was transcribed and translated. Translation was performed in the presence of 358- 
methionine and radiolabelled protein was visualised by autoradiography following 
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inununoprecipitatioii and resolution by SDS-PAGE. Three abnormal splice variants 
are shown (Bcl-2a-591; Bcl-2p-489; and Bcl-2p-420 as indicated). 

Cloning and expression of abnormal alternative splice variants of Bcl-2 in vitro. 

5 Abnormal alternative splice variants of Bcl-2 mRNAs have been cloned fix>m 
colorectal cancer cells and expressed in vitro. The results demonstrate that the 
abnormal alternative spliced variants of Bcl-2 are expressed as protein (Figure 3). 

Lack of specific Bcl-2 epitopes was observed for the protein products encoded by the 
10 abnormal altematively spliced Bcl-2 variants. Abnormal spUcing in some way 
interferes with epitope availability for antibody recognition. It is proposed that 
epitope loss may prove to be a useful indicator of altematively spliced Bcl-2 
expression. For example^ the variant Bcl-2a-591 contains a novel splice junction 
between nucleotides 111 and 241 (Figure 1): the protein expressed endogenously 
15 firom this splice variant in human cells reacts poorly with the N19 anti-Bcl-2 antibody 
in immunoblots (Jiang and Milner, 2003), and in immunoprecipitation reactions 
following its expression in vitro (Figure 3). Loss of antibody reactivity may also be 
evident in tissue sections stained by immunocytochemistry. Epitope loss or 
modification may prove to be of cUnical and diagnostic importance for identifying 
20 the expression of abnormal alternative spliced variants of Bcl-2 in human tissues. 
The same prinicples apply to tissues of other mannnalian species. 



Alternative abnormal spliced variants of Bcl-2 may represent a tumour-related 
abnormality. This abnormality may not be restricted to cancers arising from 
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colorectal q)ithelial cells. Other tumour types may also be afifected, including other 
epithelial tumours and/or tmnotirs/malignancies arising from other cell types. Any 
tumour-related abnormality represents a promising target for selective therapy 
designed to selectively target malignancies in humans and in other manmialian 
5 species. Such therapies may, in principle, be designed to suppress gene expression 
\ising, for example, RNA interference. An alternative approach would be to target 
functional protein-protein interactions by, for example, small molecules designed to 
disrapt essential molecular interfaces between the Bcl-2 protein and its functional 
protein partners. Any dififerences in protein structure created as a result of abnormal 
10 alternative splicing of Bcl-2 mKNA represent potential tumour-specific targets for 
novel anti-cancer molecules and/or other reagents. 

References: 

1. Jiang M & Milner J. Bcl-2 constitutively suppresses p53-dependent apoptosis 
15 in colorectal cancer cells. Genes & Development, 17; 832-837 (2003). 
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